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The  ^ae  os^ne,,  consisting  of  irlatoikiu  o*yg*n  molecules „ is  «©  reactive 
chtnlcally  that  it  is  *i  first  eurprisiig  te  find  the  substance  fr**»  in  the  earth** 
atBospfcerfc.,  Little  or  none  of  it  is  found  at  lew  altitudes,,  tut  irere  than  seventy 
years  age  Hartley  (l) c observing  the  abrupt  terrinstion  in  tbs  ultraviolet  snd  of 
the  spectra*  cf  all  heavenly  bodies*  concluded  rightly  that  son®  invisible  compon- 
ent of  the  errth’s  aiooaphare  vae  responsible^  Ee  shoved  that „ qualitatively  at 
leaotp  this  atmospheric  absorption  corresponded  to  that  ozone*  In  1913  T&bry  and 
Saisson  \2)  aade  laboratory  fieaeurOwOuts  upon  this  strong  absorption  band  cf  sscno 
in  the  ultraviolet  region  of  the  spectrum,,  the  Hartley  b&ndB  and  found  the  s&sUsua 
of  absorption  to  occur  at  about  2550  £«  In  1920  fbbry  end  Bui  d ton  (3)  working  at 
Hareeilles*  practically  at  sea  level,,  determined  the  transnletion  coefficients  of 
the  earth rs  atmosphere  for  sunlight  at  and  near  the  ultraviolet  snd  of  the  solar 
spectrum.  Huy  shoved  conclusively  that  the  ft>rm  of  the  absorption  curve  for  the 
ataosphsre  in  the  spectral  region  from  3500  A to  2992  A agreed  quits  exactly  with 
the  foist  of  the  Hartley  band  for  o«one„  Combining  their  atmospheric  absorption 
measurements  with  their  own  earlier  laboratory  measurements  on  oscn»0  they  arrived 
at  an  amount  of  the  gae  in  the  zenith  ataosphsre  over  itarseiles  in  Juno  of  1920 
as  t^proxiEfetisly  3 milliseters  path  of  pure  9 sons  reduced  te  *tandard  tesperatts** 
and  pressure* 

If  cne  reduces  to  standard  temperature  and  pressure  the  total  amount  of 
air  in  a ssnltb  atmosphere,  one  arrives  at  an  equivalent  air  path  of  shout  g kilo- 
ex,  tars,  Time  the  total  otone  represents  somewhat  less  than  one  two-millionth  part, 
and  vc-old  be  insignificant  but  for  certain  rsaarkabl®  properties  possessed  by  this 
gae.  Perhaps  the  asat  striking  property  is  the  absorption  coefficient  at  the  psak' 
of  the  Hartley  Band  at  2550  A,  At  this  wavelength  in  the  ultraviolet  the  optical 
transmissions  through  one  centinetsr  path  of  purs  ^sone  at  standard  tenperaturs  and 
pressure  is  approximately  10'  w , Correspondingly  the  t ran  sal  ss  ion  through  the 


3«  oillisaetsrs  found  by  Jfcbry  sad  Baistcn  in  a seaith  atmosphere  at  sea  level  1* 
of  th*  osaer  ef  X0“^,  Sssil  wonder  that  the  sp«etru*  of  ail  celestial  objects 
suds  t>  ■srupfejy,.  when  &e  seasartsseats  are  tale  fro  a at  or  near  the  «.rth!  a surface* 
Kuch  has  been  written  about  the  effects  on  plant  and  animal  life  of  the 
ultraviolet  absorption  oftcone  in  Redlining  sunlight  as  received  at  the  earth's 
surface*  It  is  sufficient  at  this  point  to  resind  the  reader  that  if  the  amount 
in  the  earth’s  atmosphere  ver®  reduced  to  about  one- thirdc  human  skin  would  be 
destroyed  in  a aatter  of  minutes  exposure  to  the  sun,,  On  the  ether  band,  If  the 
quantity  of  ozone  were  doubled  compared  to  the  aaount  normally  found,,  the  hl|£er 
animals  and  tacc,  vs  old  die  out  for  lack  of  the  essential  vitamin  D,  unless  enough 
of  this  vi tactic  could  be  produced  by  synthetic  processes  to  permit  survival*  Sven 
so,  the  enormous  increase  in  bacterial  growth,  normally  held  in  check  by  solar 
ultraviolets  Bight  be  sufficient  to  destroy  or  seriously  limit  other  fbrsis  of  life 
upon  the  earth's  surface*  All  this  follows  from  the  fact  that  both  the  photo- 
production  of  the  antirachitic  vitamin  J>  from  sterols,  and  the  photochemical 
destruction  of  bacteria  take  place  only  at  wavelengths  very  near  the  ultraviolet 
end  of  the  solar-  apse  truss  „ and  this,  as  we  observe  it  on  the  earth,  is  Halted 
entirely  by  the  aaount  of  oeoaa  in  the  atsosphsre  above  us„ 

In  addition  to  those  biological  effects  the  study  of  atmospheric  osona 
has  provided  a key  to  certain  processes  securing  in  the  upper  ateosphere  and  so 
there  is  such  interest  in  this  gas  as  an  &taospksric  constituent,  finally,  there 
is  an  additional  possibility  which 0 though  resote,  may  be  worth  consideration* 
Osone  In  relatively  jz.nl  1 concentration  is  toxic  to  man.  It  is  known  that  most  of 
the  atmospheric  o*o»®  lies  at  high  levels  in  the  earth's  atmosphere*  If  it  should 
t*pp*s  that  the  bulk  le  contained  in  a relatively  narrow  strat**,  then  it  is 
Important  to  snow  the  peak  concent r&tion  in  that  stratum  if  that  region  is  to  be 
entered  in  high  altitude  flight,  &*dL  if  the  air,  appropriately  compressed, is  to  be 
used  for  respiration* 
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In  all  the  distribution  of  oz«>n*  in  tho  earth9*  atoospfesrs  ie  a ant  ter 
of  both  scientific  sad  practical,  interest,  and  justifies  considerable  effort  in 
secariug  reliable  measurement  8<> 

Since  the  total  smount  of  ozone  in  a zenith  atso sphere  ae  found  by 
JWbry  and  buiseon  (3)  was  sash  greater  than  would  be  estimated  from  the  very  minute 
traces  of  this  gan  observed  near  the  earth" a surface,  and  since  a similar  revolt 
had  earlier  be6a  observed  by  Hartley  (l)  It  was  concluded  that  the  bulk  of  the 
atmospheric  ozone  sast  lie  at  high  levs!,  Quantitative  estimate  of  this  height  was 
first  accomplished  by  Cabbanes  and  Dufay  (4}  in  1926'  These  investigators  need 
the  classical  method  of  determining  atmospheric  absorption  by  obeervl ng  the 
intensity  at  a particular  wavelength  ae  the  zenith  angle  of  the  eon  changed,,  the 
mass  of  air  In  the  path  of  the  sunlight  varying  nearly  as  the  secant  of  this  zenith 
angle,  However*  Cabbanes  and  Dufay  extended  these  measurements  to  zenith  angles 
approaching  90° , near  eunrise  and  sunset,,  Thus.  V taking  account  of  the  effect 
of  the  curvature  of  the  earth  on  tho  senith  angle  at  successive  levels,  they  vers 
able  to  determine  an  approximate  height  of  the  ozena  layer,  This  height  they 
reported  as  between  4u  and  60  kilometers  above  the  earth’s  surface.  Subsequent 
ssasurssente,  notably  by  Gets,  Dobson  and  Meethan  (5,6.7}.  using  a similar  method 
placed  the  effective  altitudes  ae  between  H5  aud  40  kilossterso  In  1929  Hoseeland 
(g)  showed,  on  theoretic*!  considerations * that  thee#  heights  represented  only  a 
sort  of  center  of  gravity  of  theosone,  end  that  the  method  of  measurement  was 


incapable  or  distinguishing  between  a suupl;  limited  aud 
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of  ozone  with  height, 

Suae roue  other  estimates  of  the  height  of  the  ozone  layer  were  made 
epoa  the  basis  of  measurements  from  the  earth's  surface,  including  those  by  one 
of  the  present  authors,  but  since  the  literature  of  this  subject  has  been  reviewed 
by  O'Brier  (9),  farther  tiecussien  of  these  indirect  methods  will  not  be  necessary 
in  this  repoxt. 
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The  first  direct  measurements  ox  U>.e  distribution  of  ©sens  with  height 
were  sad©  in  June  and  July,  1§44  by  the  Ssg«5«?t  (ll).  These  iavsgtigBtsrs 
used  a snail  autoastic  spectrograph  carried  by  a sounding  balloon,  sad  e accosted 
ir-  obtaining  seas  urgent*  cf  ozone  on  two  above  19  kil casters.  oa  cce 

flight  July  310  1S?4  to  sa  altitude  ef  Jl  *i!o«#*tors*  Unfortunately  the  »#»sure- 
sents  vfsre  cf  rosewhat  Halted  accuracy  because  of  the  ssall  sis*  of  the  instrument 
which  could  he  carried*  Moreover,  the  rate  of  rise  of  the  sound! bslleens  was 
bo  rapid  that  each  speetrographic  expo Surf  was  tan  da  throughout  a very  const  derable 
spread  in  balloon  altitude*  Thus  each  spectrusi  represented  tha  average  of  a stratus 
of  the  earth* • atmosphere  of  considerable  thickness,  and  this  led  to  & loss  of 
vertical  "resolving  power3  which  resulted  in  some  dispute  and  uncertainty* 

On  July  28,  1934,  a few  days  before  the  highest  flight  made  by  ths 
Begeaer  balloons,  spectroscopic  dots  ruinations  of  ahaospheric  ozone  were  Bade  with 
such  larger  spectrographs  carried  sa  the  first  stratosphere  flight,  Jointly 
sponsored  by  the  Satienal  Geographic  Society  and  the  U.  S„  Arwy  Air  Corps.  A 
detailed  report  of  these  results  has  been  published  by  0,2rien  (9)  and  the  instru- 
ments hare  been  described  by  faasin  and  Kart*  (i2)„  Unfortunately  nature  of  the 
balloon  at  an  altitude  18  kilometers  temlnated  this  flight.  The  spectrograph 
receiving  direct  sunlight  was  parachuted  to  safety,  but  the  second  instrument 
receiving  horizon  skylight  was  destroyed  in  ths  crash  of  the  gondola,  and  only  a 
fraction  of  its  record  preserved*  The  skylight  spectrograph  persdtted  the 
application  of  a new  method  for  an  approx i mat*  determination  of  the  ozone 
distributions  scat  4 klloaeters  higher  than  the  celling  reached  by  the  isstruaent 
itself.  The  theory  of  thJ*  method  le  described  in  (S)»  Sa  1935  toe  second 
stratosphere  flight  under  the  sxtspixsi  of  the  Satlonsl  Geographic  Society  and  t-hs 
U.SC  Amy  Air  Corps  reached  an  altitude  of  22  kilometer*.  This  time  landing  of 
all  equipment  was  accomplished  without  elshap,  yielding  excellent  epeetregraphic 


records*  Hes&sirrsseats  with  the  spectrograph  receiving  direct  sunlight  guve  the 
e-s ne  distribution  to  the  ceiling  of  the  flight,  naffieiyc  22  kilofiatere*  Koaaurs- 
seata  with  the  spectrograph  receiving  light  from  the  horizon  riqr  gave  indications 
of  the  csos*  distribution  to  about  ?6  kilometers  with  considerable  accuracy,  and 
*oes  indications  of  the  disi-ibution  above  that  level  (10).  However,  the  sky 
^acfcrograph  Method  was  radical  , and  there  had  been  sons  controversy  about  tho 
theoretical  validity  of  the  sky  spectrograph  Method*  for  this  reason  the 
possibility  of  such  uncertainties  was  carefully  pointed  out  in  the  conclusions  cf 
the  report  of  the  1955  flight  ClO, 

The  results  found  on  the  1935  flight  (10)  shoved  a far  aore  peaked 
distribution  curve  when  the  quantity  of  osone  per  kilo  Rater  of  ateosphere  was 
plotted  against  the  height  than  had  been  found  by  any  previous  workers*  Since 
the  previous  results  depended  upon  indirect  Methods  of  aeasurwent  f roe  the  ground 
together  with  the  Bagener  masurenent s discussed  above,  it  is  not  surprising  that 
say  sharply  peaked  distribution  would  go  unnoticed*  Vlth  a larger  instrument  and 
the  slower  rate  of  rise  of  the  eau-carrying  balloon  of  1935*  each  spectrogram 
represented  a quite  narrow  stratus,  end  thus  aaae  it  possible  to  detect  a sharp 
gradient  of  osone  concentration  with  height  wherever  this  night  occur. 

Fro®  1935  until  19^9  n°  additional  precis*  aeasurenents  of  the  vortical 
distribution  of  atmospheric  osons  were  attempted.  Those  reported  in  (lO)  were 
gsnaialiy  accepted  as  standard,  but  in  spite  of  the  precision  possible  with  the 
ftell  size  spectrographs  and  slow  rates  of  rJ  s*  and  descent,  not  everyone  was 
willing  to  accept  the  resulting  *oa*3rea®ate  to  the  svcluaJon  of  all  previously 
published  work,  for  this  reason,  in  194S,  were  pleased  to  accept  -he  invitation 
to  carry  out  further  nsasursaeais  on  tho  vertical  diat-ibrniioa  of  ateoephsrie 
o so  Tie  is  connection  with  the  large  ussannsd  balloon  flights  carried  out  under 
-- — i-.i  s th,s  Office  of  Maval  Bessarab.* 
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She  spectrograph  used,  to  receive  dir  set  sunlight  on  the  str&to  sphere 
flight  of  1935  (9?I0)  was  wall  adapted  to  scnndiag  balloon  work  providing  the 
weight  of  130  pounds  could  ho  carried  fca  the  necessary  altitude,,  fortunately 
the  large  General  Hills  sounding  bailee ce  as  developed  for  .Project  Skyhook  war© 
adequate  for  this  purpose  when  used  in  pftire0  It  did  not  seen  vise  to  attempt  to 
fly  the  horizon  sky  spectrograph,  in  spite  of  the  successful  uee  of  this  instrument 
la  lS35o  Alone  the  sky  spectrograph  is  of  no  servies,  and  to  itt^apt  to  fly  both 
the  direct  sun  and  fcarlson  sky  spectrograph  together  appeared  to  be  beyond  ths 
present  capabilities  of  sounding  balloon  technique. 

Since  a description  of  the  direct  atm  spectrograph  has  been  published 
no  additional  description  sill  be  required  hercQ  *he  photographic  Material  used 
In  the  present  operation  was  Kodak  Licograph  Surrey  fila,  and  the  automatic  flln 
transport  swchaaias  of  the  spectrograph  was  set  to  take  eight  pairs  of  exposures 
per  hour  instead  of  four  pairs  per  hour  as  had  bean  dona  in  1935° 

A short  section  of  spectrograph  fila  is  shown  in  figure  1»  She  right- 
hand  edge  of  these  spectra  lies  at  about  J-60QA  wavelength,  while  the  left-hand 
edge  represents  ths  aiwrt  wsveleagth  Unit  at  eesewhat  less  than  300QA  as  net  by 
the  abfeerptien  of  ozoaec  As  daecrlbed  in  our  previous  work  (9,10)  the  slit  of 
the  spectrograph  was  covered  by  an  evaporated  aluminas  wedge,  the  optical  density 
of  which  had  a linear  variation  with  distance  along  the  sllta  In  figure  2 Is  shown 
the  plot  of  the  optical  density  of  the  wedge  against  distance  in  allliaetera  from 
an  arbitrary  zero  position.  As  previously  described  (9)  each  wedges  are  quite 
nsatral  over  ths  Halted  wavelength  ration  in  the  ultraviolet  iucludad  in  the 
spseirsgraaec 

At  the  right-hand  Kargin  of  the  spactrerrsph  fils  can  be  seen  the  photo- 
<*raph  of  the  face  of  a higx  grads  watch,  especially  lubricated  for  operation  over 
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a ttfde  temperature  range,  and  used  as  a check  on  the  ti»*  clock  which  as  strolled 
the  exposure  aenuoace.  As  is  our  previous  work  a snail  bisstelllc  themessehsr 
face  can  be  seen  in  the  center  of  the  watch  face,  providing  a constant  record  of 
the  teaperature  of  the  interior  of  the  spectrograph  camera* 

The  method  used  for  the  determination  of  ©sene  free  direct  solar  spectra 
is  the  same  as  ve  havo  previously  described  (l0)e  This  eothod  vhidv  involves  a 
graphl-al  BOlutioa,  provides  for  the  determination  of  the  osene  above  the  instru- 
ment eves  vhan  both  the  altitude  of  the  balloon  and  the  renith  angle  of  the  son 
are  continually  varying* 

Let  A be  e vavelei&th  which  is  absorbed  by  osene  and  X a longer  wave- 
length for  which®  rone  absorption  aay  be  neglcoteds  Let  10  and  y ts  the 
intensities  at  A and  A*  in  the  aclex  spectra  outside  of  the  earth® s atmosphere, 
and  XB  and  Ia®  the  corresponding  intensities  within  the  abac  sphere  at  a level  and 
at  a solar  resit h angle  dofinizg  the  condition  "a80 
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* optical  density  of  zenith  ozone  above  the  observer. 
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If  3>ot  does  sot  change*  tc,  for  exasplo,  vhon  obsarver®*  depth  la  the  at *o sphere 
Is  constant  * then  Q,  It  & linear  function  of  aso  s«  Extending  this  lino  back  to 
the  fictitious  use  s , 0.  ths  ordinate  at  the  intercept  represents  lt„  the  logarithm 
of  ths  ratio  of  intensities  at  A and  A.  outside  the  ataoephero.  She  slop®  of  th« 
line  i*>  evidently  equal  to 

Sf  the  sbssrvs?  rites  throoeh  the  atmosphere  and  in  eo  doing  passes 
through  ozone  eo  that  -o.  diminishes*  than  the  values  of  Q,  will  lie  below  the 
straight  line  by  an  saount  A Q.  & seo  s * A Dq^. 

Bansitoaetry  of  the  spectrograms  was  accoapli  *bsd  with  a Sinclair  Saith 
recording  aicrod«asite=eter0  A staple  of  a typical  trace  of  a spectrum „ ssads  at 
a constant  height  above  the  bat  toe  edge  of  the  spectra*  (figire  i)  is  shown  la 
figure  3=  Included  on  this  trace  are  the  wavelengths  of  certain  landmarks  In  the 
Fraunhofer  spoct run0  Shsss  are  the  saae  eslected  wavelengths  used  in  our  previous 
deterainatloss  of  ozena  (10),  and  were  chosen  because  they  fall  between  solar 
absorption  peaks  and  so  represent  wavelength  region”  in  Which  the  solar  emission 
is  high.  Actually  only  a single  wavelength*  substantially  outside  the  Bartley 
absorption  band*  together  'with  a single  wavelength  well  within  the  band,  are 
necessary  for  determination  of  quantity  of  ozone.  However,  we  hare  found  advantage!* 
in  using  at  least  two  different  spectral  regions  within  the  absorption  band 
together  with  ths  third  region  outside,  sad  this  has  been  the  practise  followed 
in  the  present  deteraination*  5hue  two  coeplste  independent  sets  of  osone 
detersinatlons  vers  obtained  sight  tines  per  hour  thiougbctfc  ths  flight* 


Q 
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fbe  procedure  use!  to  re&ice  the  nlerodensl  toaster  tracos  tc-  relative 
spectral  intensity  was  the  same  ae  ire  have  reported  previously  (i0)„  six  or  sora 
sicrodassl  toaster  traces  were  mas  at  different  heights  shove  the  hot  to*  edge  of 
the  apsetmn,  each  trace  running  alone  the  direction  of  dispersion*  Since  the 
linear  alnalnois  wedge  meunted.  in  front  of  a spectrograph  slit  pro  due  si  a linear 
scale  of  logarithm  of  intensity  along  any  glvm  spectrum  line*  It  is  evident  that 
the  observed  densities  of  the  photograph  determined  x&jm  the  aicrodsnsito  meter 
trace  e*n  b*  converted  directly  to  ibra  a character! etie-  or  BKD  curve  for  th» 
particular  type  of  fills  used.  Sine*  the  niorodenid  tone  tar  read  directly  the 
transmission  rather  than  density,  it  was  convenient  to  plot  transmission  against 
position  on  the  qpectrua  corresponding  to  the  position  on  the  aluminum  wedge  or 
B wedge  step9  as  here  labelled.  A set  of  typical  corves  are  shown  in  figure  4o 

Since  the  spectral  range  involved  in  this  voite  is  go  small,,  and  since 
the  region  is  one  over  which  both  the  sensitivity  and  gamma  of  the  film  are  nearly 
constants  it  ie  possible  to  combine  the  results  of  a large  number  of  curves  such 
as  shswa  figure  4 into  a single  curve  tjpissl  cf  the  characteristic  curve  of 
the  photographic  emulsion  over  the  range  involved.  This  is  shown  in  figure  5»  the 
actual  points  of  observation  being  indicated  by  »mall  dots.  A template  out  flw» 
this  mean  curve  was  used  to  draw  the  actual  curves  shown  in  figure  4*  tbs  small 
circles  in  figure  4 representing  experimental  points  fbr  the  particular  spectrum 
selected  as  an  example* 

At  the  request  of  the  Office  of  Xaval  Research  the  equipment  v»a  sad® 
ready  lu  the  late  sensor  cf  1948  and  transported  to  Coop  Eipley , Minnesota  from 
which  point  the  General  Kills  Company  was  launching  balloons.  Since  we  had 
developed  a refined  technique  for  cortlsahuc  triangolatian  upon  « soardieg 
b&llsss  ecsss  years  previously  ( 13 ) sur  theedslitee  and  plotting  instmnents  were 
also  transported  to  0«a8p  Eipley  in  order  to  provide  balloon  altitude  determinations 


of  e higher  order  of  accuracy  than  possible  with  a radio  ssteoragraph* 
Unfortunately,  difficulties  war*  eacs'mtored  by  the  General  Mills  Group,  and  a 
number  of  trial  fli^t*  carrying  iaatmaents  other  than  our  spectrograph  failed 
at  very  noderate  altitudes  da*  to  balloon  rupture*  After  several  we^s  in  the 
flail  vS  were  info raied  that  it  was  unlikely  that  any  successful  flights  could  br 
obtained  that  year.,  aui  the  squlpssnt  ti&e  re  turned  to  the  Urivereity  of  Eecis  stsr0 

Tha  following  year,  19**9c  -s  *^»rs  informed  by  the  Of  fie#  of  Uaval 
Bscsarsh  that  the  General  Mills  Seep  any  had  so  perfected  iheir  own  theodolite 
triaugulatlon  technique  as  wbl  1 as  triangulatios  by  radio  direction  finding,, 
that  it  would  be  unnecessary  for  the  University  of  Bo Chester  group  to  do  lta  own 
trt angulation  upon  the  balloon,  -■'he  spectre  graph  was  again  prepared,  and 
transported  to  Saap  Hipley,  but  altitude  determinations  were  loft  — itirely  to  the 
General  Mills  group,,  Unfortunately*  their  theodolite  triangulatlon  failed 
completely  as  diu  triangulate  on  with  radio  direction  finders*  Ihe  only  detersina- 
ti©&  of  altitude,  thsrefbre,  case  fro. ■a  the  radio  neteoragraph*  fortunately  this 
iss  trsasest  •npmra  tn  It  w Tlfhjwd  well. 

Xn  addition  to  knowing  the  altitude  cf  the  speotro graphic  instrument 
above  sealevei  as  a function  of  tine,  it  is  necss3&r?  that  the  smith  angle  of 
the  eon  be  likewise  known*  Since  Uie  i»  a function  of  local  apparent  tins  end 
latitude,  it  is  necessary  that,  in  addition  to  standard  tine,  the  appro zistate 
latitude  and  longitude  of  the  instrument  be  known  for  each  speetrograa  of  the 
series*  Although  the  triangulatlon  upon  the  balloon  had  fa  lied,  snail  slow  speed 
airplanes  were  able  to  follow  along,  keeping  the  balloon  in  sight,  and  were  thus 
able  to  record  the  tiae  at  which  several  aap  positions  were  passed,  Values  fbr 
latitude  and  longitude  at  four  tines  along  the  four  hour  flight  are  shown  in 
figure  ?,  tbs  points  being  connected  by  straight  lines  since  the  eaaei  path  of 
the  balloon  between  these  points  was  unknown*  Fortum  Valy  the  changes  in  both 


latitude  and  I5ngifcu.de  are  sufficiently  ^all  so  that  the  straight  line  approxi- 
mation is  entirely  adequate. 

When  the  msctro graphic  Insiruaent  is  & substantia*  distance  below  the 

canter  of  gravity  of  the  ozone  layer,  and  when  the  zenith  angle  of  the  sun  is 

large  as  was  the  case  in  the  early  aerairg  portion  of  the  flight,  it  is  neoeeaary 

to  correct  the  zenith  angle  of  the  son  for  the  curvature  of  ths  earth  in  the 

nanner  described  on  page  80  Mr  reference  (lo)„  fhi*  fcaa  been  carried  through 

giving  the  corrected  angle  c;  the  secant  of  which  is  plotted  against  central 

1 

standard  tiae  in  figure  7*  Also,  plotted  in  figure  7 * is  the  altitude  above  sea 
level 0 

Secsaee  of  the  failure  of  the  triangulation  it  is  not  possible  tc  state 
the  accuracy  with  which  the  altitude  daterai nations  were  *ade„  However,  the  radio 
neteeragraph  had  been  especially  aodified  for  sensitive  response  to  the  very  low 
baroaetrlo  pressures  moo  entered  at  }0  kilometers,  In  laboratory  tests  before 
flight  It  had  behavad  well  and  consistently,  and  during  the  flight  Its  indi cations, 
as  telemetered  at  the  radio  receiving  station,  shoved  every  evidanoe  of  consistent 
and  proper  instrument  functioning.  It  seem*  likely,  therefore,  that  the  altitudes 
are  correct  to  within  par  haps  one-half  kilometer,  and  may,  in  fact,  be  eccswhet 
better  than  tfcJLs„ 

Spectral  intensity  seasurssonts  reduced  ae  described  above  were  need 
for  the  quantitative  determination  of  ozone  In  the  same  manner  as  described  In 
reference  (10),  The  absorption  coefficients  for  csone  used  in  our  earlier  work 
vere  those  reported  by  Pebry  and  i’uieaon  in  1331  (l*0'o  These  values  are  aodified 
vary  slightly  by  ths  work  of  5y  Tti-Ze  and  Choong  Skia-fiav  in  1333  0-5) o The 
difference  between  the  results  of  these  authors  and  7abxy  and  Buieeon  are  very 
slight,  but  the  newer  measurements  have  been  used  in  ths  reduction  cf  the  present 
work  The  optical  density  of  ozone  per  esntiaeter  of  the  gas  at  standard  teepera- 
tare  and  pressure  has  been  tabulated  against  wavelength  and  ^hovr  in  table  2. 
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In  the  ease  asaner  as  described  in  reference  (1C)  the  quantity  <4 

i? 

derived,  above  bps  been  plotted  against  the  seeent  of  S for  wavelength  JllOA 

and  3^50^  and  1b  shown  in  figure  7°  As  described  ia  rsfsrenos  (10)  a plot  of  *4 

« 

agaiast  the  escant  of  ^ will  be  a straight  line  so  loi£  as  the  speetrcgraphia 
inst resent  renaine  beneath  the  stscspherio  ozone*  no  natter  what  the  smith  angle 
of  the  sun  say  be«,  As  the  inetzusent  rises  through  the  csone,  however,  the  actual 
values  of  <4  will  fail  below  the  straight  line,  the  sscast  indicating  the  quantity 
of  osono  through  which  the  insirussst  has  risen* 


TABLE  I 


Wavelength 


D0 

8,T«P. 


£s§UL?S 


The  x'indiage  for  the  various  spectra  at  different  altitudes  are  shown 
la  table  II „ £ <1  is  the  amount  by  xdiieh  a point  is  above  or  below  the  straight 
lino  portion  of  the  cur?®,  The  total  ozone  concentration  above  3 fciloKSter*  wa» 
found  from  the  straight  lina  portion  of  the  curve  to  be  e296  cm,,  at  standard 
temperature  end  pressure,.  The  values  of  & Q whan  negative  indicate  that  thie 
Talus  should  ba  added  to  ,296  osc  Positive  values  of  A o indicate  that  this 
quantity  should  be  subtracted  from  02$b  csc  to  give  the  total  ssuith  cssne  abo  <e> 
the  spscoro graphic  instrument. 

In  figure  9 art  plotted  tbs  quantity  of  csone  in  centimeters  path  at 
standard  temperature  and  pressure  in  the  zenith  atmosphere  above  the  opactro- 
graphic  instrument  at  altitudes  from  8 kilometers  to  the  top  of  the  flight  of  30oR 
kilometers.  The  circles  containing  crass**  represent  the  determinations  made  b. 
comparing  wavelength  3110  A with  3300  k0  In  the  same  figure  the  result*  of  our 
1935  determinations  are  shown  in  * dotted  curve  labelled  Saplorer  II,  white  tile 
maia  of  the  Mounding  balloon  ob  serrations  of  the  SageaarE  in  133^  srs  shown  by 
the  dashed  curve*  It  must  b*  rmraherad  tfc&4  the  flight  of  tha  balloon  Ifapiore  X- 
took  place  la  Sovseber,  when,  in  the  northern  hemisphere,  the  absolute  quantity 
of  osone  in  the  esrth’s  atmosphere  is  lowc  Thi»  curve  labelled  Operations  acrno<  k, 
on  the  other  hand,  represents  a flight  made  on  June  l6,  *■  time  of  the  yea  • 

the  quantity  of  atmospheric  esens  in  the  riarth*™  hemlsphsire  is  high. 

In  spits  sf  the  difference  in  the  absolute  quantity  cf  ozone  eacounte  -ad 
in  19H3  as  compared  to  1935s  * difference  typical  of  the  difference  in  time  oi  ; ee.  , 
tha  relative  amounts  of  osone  as  a function  of  altitude  are  surprisingly  similar. 
This  is  shown  in  figure  10  where  the  amounts  are  plotted  as  percent  of  csone 
remaining  above  the  instrument  as  function  of  height  of  instrument*  ?h=  total 
amount  above  15  kilometers  has  been  taken  arbitrarily  as  100  percent,  although  its 


shown  hr  f ure  $ fchars  is  a vary  Enall  amount  of  stone  lying  below  thi*  leva:  * 
Parhape  the  moat  striking  feature  cf  figure  10  if  the  facb  that  tbs  determina- 
tion of  osone  from  dir  out  sunlight  on  Opa ration  Skyhook  agrees  not  only  with 
the  determination  fas  a the  direct  sunlight  up  to  22  kilometers  in  the  flight  <f 
Explorer  II f hut  that  this  agreement  should  continue  up  to  an  altitude  eyond 
27  kilometers®  <,rhi s confirmation  of  the  sky  spectrograph  method  is  vec 
reassuring*  It  must  ha  rresenherod  thAt  each  flight  was  made  in  a polar  stir 
mass,  the  net e or  'logical  condition*  being  chosen  rather  carefhlly  to  provide 
both  clear  weather  and  the  minimum  of  vlnd  ralooity  in  the  early  coming  hour  s 
during  balloon  inflation*  Thus  cue  night  expect  a very  simile r vertical  dial  *i« 
bmtion  of  atmospheric  osone  even  trough  fourteen  years  elapned  between  the 
measurements* 

Is  figure  11  the  oaoue  per  kilometer  of  height  Is  plotted  against  the 
altitude  of  the  Instrument*  The  curves  of  figure  11  »rs  the  derivatives  of  tie 
curves  of  figure  10e  and  thus  sensitive  to  small  errors  in  slope  determinatlc  is* 
2s  worths  less  ( even  in  figure  11  the  agreement  between  the  Skyhook  and  Baplore  .*  1 
cure*  remained  quite  goou..,  The  fact  that  the  determination  by  the  Regeners 
does  not  agree  vita  our  results  is  not  surprising.  A-  discussed  above,  the 
rapid  mate  of  rise  and  relatively  long  exposures  cf  each  spectrum  prevented 
detection  of  the  sharp  maximum  actually  presort* 

It  is  of  interest  to  nota  tint  the  mazjjBOB  path  of  osone  per  Icilomotj  e 
of  height  was  found  to  bo  0*026  cm  at  standard  temperatures  and  pressure,,  and 
that  this  maximum  concentration  w&a  found  at  eu  altitude  of  ate*  kilometers 
At  this  altitude  a aeaa  barometric  pressure  is  approximately  0*044  atmospheres 
snd}  at  the  mean  temperature  of  -53*®  the  density  of  the  air  is  0,055  that  ol 
air  at  sea  love!  at  0°CB  Air  taken  ia  at  this  altitude  &sd  corap  yes  tied  in  a 
supercharger  without  decomposition  of  tbs  ozone  would,  o?  course,  retain  ths  sa;  . 


l!) 


rslaiiso  concaatration,  'Ms  value  it  withis  tbs  raibar  vi««  tpraad  Units 
which  hare  been  published.  for  neons  toxicity,  00  this  aspect  of  the  .results 
should  ba  considered,, 
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